Introduction
============

Although unicompartmental knee arthroplasty (UKA) has been accepted as a reliable procedure for the management of patients with arthritis limited to one compartment of the knee[@B1],[@B2], it is still considered as a technically demanding procedure[@B3]. While a good size match between the component and the resected surface of the knee is an important factor in reducing the occurrence of complications and in achieving successful outcome of knee replacement[@B4],[@B5], morphological dimensions of a single compartment of the knee undergoing UKA are small. It has been reported that implant overhang may cause pain after UKA[@B6],[@B7] or total knee arthroplasty (TKA)[@B8],[@B9].

The design of UKA prosthesis continues to evolve in terms of geometry, materials, fixation techniques, and bearing surfaces[@B10]. Bearing components can be either fixed or mobile. Whereas the mobile bearing components, such as the Oxford prosthesis (Biomet, Warsaw, IN, USA), are fully congruent to minimize point contact forces, fixed bearing designs, such as the Miller-Galante II (M-G II) prosthesis (Zimmer Inc., Warsaw, IN, USA), incorporate round-on-flat geometries to lessen constraints[@B10]. Although several studies have reported long-term success of both Oxford mobile and M-G II fixed bearing UKAs[@B1],[@B2],[@B11],[@B12], to the best of our knowledge, the prevalence of implant overhang after UKA has not been well known.

The purpose of this study was to compare the prevalence of implant overhang between the Oxford and M-G II UKA prostheses and to determine whether overhang was associated with postoperative clinical results. We hypothesized that both prostheses would show similarly low prevalence of implant overhang with successful clinical outcomes.

Materials and Methods
=====================

Approval for this retrospective study was obtained from the Institutional Review Board of our hospital. Between January 2002 and December 2009, 122 UKAs were performed in 109 patients by a single surgeon for the treatment of medial unicompartmental osteoarthritis of the knee. Forty-six knees were treated with the Oxford phase 3 UKA prosthesis that had a single or twin peg femoral component, and 76 with the M-G II UKA prosthesis. All patients were of Asian ethnicity. The indications for UKA were based on the Kozinn and Scott[@B13] criteria, i.e., medial osteoarthritis or medial avascular necrosis, intact anterior cruciate ligament, range of motion larger than 90°, flexion contracture less than 5°, varus deformity less than 10°, and valgus deformity less than 15°. The lateral compartment and patellofemoral joint were well preserved on standing anteroposterior (AP), lateral, and skyline knee radiographs. Patient age was not a contraindication in our study. Four knees (three knees treated with the Oxford UKA prosthesis and one knee treated with the M-G II UKA prosthesis) were revised during the follow-up period and were excluded. The reasons for failure in the Oxford UKA group were one dislocation of the polyethylene, one femoral component loosening, and one tibial component loosening. The cause of revision in the M-G II UKA group was tibial component loosening. Eleven knees were also excluded due to missing follow-up visits. One hundred and seven knees (37 knees treated with the Oxford UKA prosthesis and 70 knees treated with the M-G II UKA prosthesis) in 95 patients were included in the final radiographic and clinical outcome analysis. Among the 37 Oxford UKAs, 30 knees had a single peg femoral component and 7 had a twin peg femoral component. The mean age at operation was 60 years (range, 45 to 75 years) and the mean follow-up period was 48 months (range, 24 to 111 months).

Operation was performed according to the Oxford Unicompartmental Knee Placement Operating Manual and the M/G Unicompartmental Knee Minimally Invasive Surgical Technique Manual. A minimally invasive technique was used for all knees. An 8-10 cm medial parapatellar arthrotomy was performed without patellar eversion. The size of the tibial component was determined by laying metal tibial templates on the excised tibial plateau for both the Oxford and M-G II prostheses. The tibial component should cover the tibial cut surface as much as possible so as to maximize the load distribution. When the tibial component didn\'t fit perfectly the resected proximal tibia, we made the maximum amount of effort to fit the anteromedial edge between the implant and the resected proximal tibia. While the size of the femoral component of the Oxford prosthesis was determined using preoperative X-ray templates, the size of the femoral component of the M-G II prosthesis was determined intraoperatively using a femoral cutting guide. The foot of the femoral cutting guide was inserted into the flat surface against the cut distal femoral condyle. A femoral cutting guide having 2-3 mm of the exposed bone above the anterior edge of the guide was considered to be the proper size for M-G II UKA. We inserted the tibial and femoral trial components and finally ensured the size of implant in both the Oxford and M-G II prostheses. The concept and technique for gap balancing were different between the two prostheses. In the Oxford UKA group, gap balancing was achieved by milling the distal femoral bone to obtain an equal extension gap with the flexion gap. However, in the M-G II UKA group, gap balancing was evaluated after bone cutting. A tension gauge with 2 mm thickness was used to ensure that flexion and extension gaps were not too tight in the M-G II UKA group.

Pre- and postoperative tibio-femoral angles were measured on standing knee radiographs. Overhang of the implant was measured in the posterior femoral, anterior tibial, medial tibial, and posterior tibial zones on the AP and lateral knee radiographs. No reference on criteria for implant overhang after M-G II UKA could be found in the literature. Considering one millimeter of measured error, we defined overhang as a measured distance of larger than 3 mm between the implant and the resected bone edge in any zone[@B6],[@B7],[@B14]. Each measurement was performed twice by one independent observer. The average of these measurements was calculated and the prevalence of implant overhang was determined. Clinical results were evaluated using the range of knee motion, the Knee Society scores[@B15], and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)[@B16]. The knees were divided into two groups according to the type of prosthesis; those treated with the Oxford UKA prosthesis and those with the M-G II UKA prosthesis. The prevalence of implant overhang in each location was compared according to the prosthesis type. Clinical results were compared not only between the Oxford UKA and M-G II UKA groups, but also between the overhang group and the non-overhang group at the final follow-up.

The Fisher\'s exact test was used to examine the prevalence of overhang of each implant component. The Chi-square test was used to examine categorical demographic data in both groups. The independent t-test was used to compare continuous demographic variables and clinical results between the groups. Any test was considered statistically significant if the p-value was equal to or less than 0.05. SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA) was used to analyze the data.

Results
=======

Of 107 knees, 33 had overhang in at least one location of the femoral or tibial component. The overall prevalence of implant overhang was 30.8%. The prevalence of posterior overhang of the femoral component was significantly higher in the Oxford UKA group than that in the M-G II UKA group (p\<0.001) ([Table 1](#T1){ref-type="table"}). The prevalence of tibial component overhang ranged from 2.7% to 16.2% according to the type of prosthesis and location. Although the Oxford UKA group showed a higher prevalence of posterior overhang of the tibial component than did the M-G II UKA group, there were no significant differences in the prevalence of tibial component overhang at each location between the groups ([Table 1](#T1){ref-type="table"}).

Function as measured by the Knee Society function and Knee score and WOMAC score was compared between the Oxford UKA group and the M-G II UKA group at a minimum follow-up of 24 months ([Table 2](#T2){ref-type="table"}). Each implant group showed clinical improvement after operation. Even though the Oxford UKA group showed a significantly higher prevalence of the posterior overhang of the femoral component than did the M-G II UKA group, there were no significant differences in clinical results between the two groups.

We compared patients with overhang in at least one location of the femoral or tibial component with patients without overhang. [Table 3](#T3){ref-type="table"} shows the pre- and postoperative clinical data of the overhang group and non-overhang group regardless of the prosthesis type. At a mean follow-up of 48 months, both overhang group and non-overhang group showed improvements in knee alignment and clinical outcomes. There were no significant differences in clinical results between the overhang group and non-overhang group.

Discussion
==========

This study revealed the overall prevalence of implant overhang after UKA. The majority of implant overhang occurred in the posterior part of the femoral component of the Oxford UKA prosthesis. Even with the high prevalence of posterior overhang of the femoral component in our UKA study population, we did not find any significant correlation between posterior overhang of the femoral component and clinical results regardless of the presence of overhang or implant type. Mahoney and Kinsey[@B8] reported that overhang of the femoral component was highly prevalent in TKA, and overhang of ≥3 mm in at least one zone was associated with a 90% increase in the odds of clinically important knee pain at 2 years after surgery. Clarius et al.[@B7] analyzed implant position of the Oxford UKA prosthesis according to the Oxford X-ray rating system. They reported that 17 of 56 knees (30.4%) were overhanging 3 mm or more in the femoral component and it was not correlated with the postoperative Oxford knee score and pain. After UKA, there was no mediolateral overhang of the femoral component because of its narrow shape. We believe that the posterior compartment of the medial side of the knee was forgiving of soft tissue irritation and pain.

Among cases of femoral or tibial overhang, medial tibial overhang has been considered a problem. Chau et al.[@B6] reported that surgeons must avoid medial tibial overhang of 3 mm or more, as this severely compromised the outcome and might cause irritation of soft tissue and pain. In an *in vitro* study by Gudena et al.[@B17], they demonstrated that medial collateral ligament load almost doubled from overhang of 2 to 4 mm. When compared with the results of a study by Chau et al.[@B6] which demonstrated a 9% prevalence of medial overhang of the tibial component, the prevalence of medial overhang of the tibial component in our study population was not that high (2.7% in the Oxford UKA group and 5.7% in the M-G II UKA group). With low prevalence of medial overhang of the tibial component, the effect of femoral or tibial component overhang on clinical outcomes was negligible in both the Oxford and M-G II UKA groups. It is believed that the tibial sizing method using the metal template during surgery was reliable and the shapes and sizes of the tibial components of both the Oxford and M-G II implants were appropriate.

We speculated the reasons for the high prevalence of posterior overhang of the femoral component of the Oxford UKA prosthesis as follows. First, preoperative X-ray templating for femoral sizing was inaccurate. Bothra et al.[@B18] reported that the use of X-ray template systems in the Oxford UKA lacked reliability. They indicated that variability in prosthetic sizing might be attributable to the difficulty in distinguishing the medial from the lateral femoral condyle on lateral radiographs. Second, the medial femoral condyle of a small Asian female patient was smaller than the X-small femoral component of the Oxford UKA prosthesis. Among 19 knees which showed posterior overhang of the femoral component of the Oxford UKA system, 6 knees were implanted with the X-small femoral component ([Fig. 1](#F1){ref-type="fig"}). The M-G II UKA prosthesis offers seven different femoral AP sizing options, and the Oxford UKA prosthesis has five different radii of curvature. These differences could allow for a limited number of options in choosing the appropriate size of the femoral component for the Oxford UKA. Third, subsequent milling of the femoral condyle during the Oxford UKA in order to balance the flexion-extension gap might have affected posterior overhang of the femoral component ([Fig. 2](#F2){ref-type="fig"}). Subsequent milling to increase the extension gap resulted in proximal positioning of the femoral component. During the surgical procedure, it was difficult to identify whether the femoral component was overhanging posteriorly or not. As a technical tip, we recommend that adequate amount of proximal tibial cut should be performed to decrease subsequent distal femoral milling.

Appropriate implant size matching could be one of the important factors for a successful outcome of UKA[@B19]. To the best of our knowledge, no study has compared the prevalence of implant overhang between Oxford and M-G II UKA. In our study, implant overhang had no relation with postoperative clinical results at a mean of 48-month follow-up. In this sense, long-term follow-up studies are needed and we suggest some recommendations to prevent implant overhang. The femoral and tibial components should be flush with all edges of the resected bone as much as possible[@B5],[@B10]. If the tibial cut is done as a single piece, this can be helpful for tibial sizing. In cases where the tibial component does not fit perfectly the resected bone, the anteromedial edge should be observed directly between the tibial component and the resected proximal tibia to prevent medial overhang of the tibial component. Sometimes, the patient\'s height and gender can be helpful to estimate the size of the component[@B20]. Also, it may be possible to determine the size of the component from templating using pre-operative radiographs. During UKA procedure, perioperative fluoroscopy may be helpful to determine the size of implant and to prevent implant overhang.

The present study has limitations. First, it was a retrospective study and the number of cases of overhang in each location was too small to provide enough statistical power to the study. In addition, this study lacks data on implant underhang. If we had a larger number of patients in the cohort, patients could have been divided into 3 groups; proper fit group, overhang group, and underhang group. Despite these limitations, our study population consisted of patients who were operated on by a single surgeon with a mean of 48 months follow-up. Second, common postoperative complaint was of persistent medial knee discomfort. It could have influenced the clinical results, but it was not clear whether the component overhang caused the pain or tenderness of knee joint[@B7],[@B11]. Many other factors could have contributed to the postoperative pain.

Conclusions
===========

In conclusion, posterior overhang of the femoral component was highly prevalent in the Oxford UKA patients. However, the posterior overhang of the femoral component had no significant relationship with postoperative clinical results in both Oxford III and M-G II UKAs at a mean of 48 months follow-up.
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![Lateral knee radiograph showing posterior overhang of the femoral component of the Oxford knee system. During operation, subsequent femoral milling was required in order to balance the flexion and extension gap and a 9 mm bearing was inserted.](ksrr-26-82-g002){#F2}
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Prevalence of Implant Overhang according to the Type of Prosthesis and Zones
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UKA: unicompartmental knee arthroplasty.
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Comparison between the Oxford UKA Group and the Miller-Galante II UKA Group
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Values are presented as mean±standard deviation (range).

UKA: unicompartmental knee arthroplasty, BMI: body mass index, Preop: preoperative, TFA: tibio-femoral angle, Postop: postoperative, ROM: range of motion, WOMAC score: Western Ontario and McMaster Osteoarthritis score.
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Comparison between Overhang Group and Non-Overhang Group
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Values are presented as mean±standard deviation (range).

BMI: body mass index, Preop: preoperative, TFA: tibio-femoral angle, Postop: postoperative, ROM: range of motion, WOMAC score: Western Ontario and McMaster Osteoarthritis score.
